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GEITSI GUBIB, AN OLD VOLCANO. 

By A. W. Rogers, 

(Read April 21, 1915.) 

Ever since I became acquainted with the volcanic necks at Saltpetre Kop 
and its neighbourhood, an account of which was laid before this Society in 
1904, I had wanted to visit Geitsi Gubib, of which Dr. Schenck’s short 
description seemed to show that it is a similar neck on a larger scale and 
with some remarkable characters not seen at Saltpetre Kop. Subsequently 
Dr. Scheibe gave the S.A. Museum some pieces of breccia from Geitsi 
Gubib which supported my suspicions. 

During a journey in German South-West Africa in 1914, which the 
Union Government allowed me to undertake on the suggestion of Pro¬ 
fessor Penck, of Berlin, I had the opportunity of staying two days on the 
mountain, and the present paper is based on the notes taken then and on 
the examination of the rocks brought away. 

I must thank the Government of German South-West Africa for the 
extremely liberal way in which transport was provided, and I especially 
wish to thank my friend Professor Hans von Staff, who was asked by that 
Government to accompany me, and who took the greatest trouble to make 
our journey as successful as possible. Dr. von Staff and I were at Geitsi 
Gubib together, and many of the facts recorded below were discussed on 
the spot. I regret that circumstances have made it impossible to discuss 
with him the results of the further examination of the rocks themselves."' 

Though there are several books and papers f which mention Geitsi 

* I deeply regret to learn that Dr. von Staff has died recently. Sept., 1915. 

f Hans Schinz, in “Deutsch. Slid West Afrika ” (preface dated 1891), p. 464, calls it a 
“ Porphyrkegel.” The late Mr. J. C. Watermeyer, who ascended the mountain in com¬ 
pany with Dr. Eehbok in 1897, said that the “ circular mountain chain . . . gives it the 
appearance of the crater of a huge extinct volcano. The rocks of this plateau are to a 
great extent basaltic,” a mistake evidently due to the brown crust and pitted surface of 
some of the rock. (Trans. S.A. Phil. Soc., vol. xi., p. 28, 1899.) 

Dr. Th. Eehbok in “Deutsch. Slid West Afrika, sein wirthschaftliche Erschliessung,” 
Berlin, 1898, refers to it as a mountain of porphyry which his party was the first to 
ascend, forgetting Schenck’s visit, pp. 16 and 35. In another publication, “Deutsch. 
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Gubib, only Dr. Schenck’s accounts give any details, and other references 
to its structure are made in terms of his descriptions. 

The earliest * of Dr. Schenck’s descriptions is that Geitsi Gubib is a 
mountain of porphyritic rock ; the next f is similar ; the third J gives the 
results of a microscopic examination of the rocks, which appeared to prove 
them to be porphyry-tuffs and the mountain to be a “ porphyrischer 
Stratovulkan.” He says that the ground mass apparently consists chiefly 
of siliceous cement with dust-like particles amongst which iron oxide is 
conspicuous, and that this matrix contains fragments of orthoclase, plagio- 
clase, quartz, and magnetite ; in the hard, compact rocks the latter decrease, 
but in the ariose-like types they are more abundant; many of the tuffs are 
said to contain pieces of granite. His description of the mountain itself is 
that it “ rises as an isolated cone-shaped mass of rock from the Fish Eiver 
plain, and has a basin-shaped depression in the middle towards which the 
outer wall slopes steeply, and which has a deep valley of erosion going 
south,” so that the conclusion is that Geitsi Gubib is a stratified volcano 
with a still well-preserved crater “ which retains its shape because the 
surface of the land has not suffered great changes since the volcano’s 
origin, and because the tuffs are able to resist denudations strongly on 
account of their siliceous cement. Geitsi Gubib therefore may w^ell be the 
oldest well-preserved stratified volcano, the age of which cannot be fixed 
(we can only say that it is post-Carboniferous), but so far as the nature of 
the rocks goes it is older than the known Tertiary and post-Tertiary 
volcanoes.” 

In another place § he nails the depression a caldera, and the outlet 

Siidwest Afrika,” Berlin, 1898, a collection of 96 photographs and a map, Dr. Behbok 
gives views of the lower waterhole in the valley leaving the mountain, a good view of the 
“ crater ” from the north, and one of the beacons on the top of the mountain. 

InL. Schultze’s “ AusNamaland and Kalahari,” Jena, 1907, p. 1B9, there is a reference 
to the mountain in terms of Schenck’s work, and there is a very good view of the mountain 
from the south on Plate VII., and another of the valley draining it, showing the inward 
dip of the Fish River beds and of the tuffs themselves ; on p. 139 there is a view of the 
“crater.” Dr. Paul Range on pp. 126-7 of Monatsb. d. deutsch. geol. Gesellsch., 1909, 
calls it a “ Quarzporphyrstock,” and remarks that fragments of the Karroo beds are 
apparently enclosed by the tuffs of the old “ Stratovulkan ” ; and a similar reference by 
him is in Trans. Geol. Soc. S.A., 1910, p. 6. In “Geologie des deutschen Namalandes,” 
Berlin, 1912, Dr. Range mentions the mountain again, quoting Schenck’s description, and 
also the probable presence of Karroo rocks in the tuffs. 

These appear to be the only references to the geology of Geitsi Gubib besides Dr. 
Schenck’s descriptions, though the mountain itself must be mentioned frequently else¬ 
where. Its position is marked in the map attached to Chapman’s “ Travels in the Interior 
of South Africa,” 1868, though somewhat too far west. The account in Stromer von 
Reichenbach’s “ Geologie des Deutschen Schutzgebiete in Afrika” is taken from Schenck. 

* “ Zeitschr. d. deutsch. geol. Gesellsch.” 1886, p. 236. 

f “ Verhandl. d. Deutschen Geographentagen,” 1893, p. 161. 

$ “ Zeitschr. d. deutsch. geol. Gesellsch.” 1901, p. 54. 

§ “ Verhandl. d. XIII. Deutsch. Geographentagen zu Breslau,” 1901, p. 157. 
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valley a baraneo, and compares the mountain with Roehlitz Berg in 
Saxony, but notes that the latter does not retain its original shape; other¬ 
wise this description is much the same as the one quoted above. 

In another article (“Das Deutsche Kolonialreieh,” 1910, vol. ii.) he 
mentions it as an old volcanic cone made of porphyry-tuff. 

References to Roehlitz * show that there are beds and piles of hardened 
tuffs of Permian age there, and that the tuffs are made of lapilli of por¬ 
phyry and crystal fragments set in a compact ground-mass. These 
features are not quite like those of the Geitsi Gubib rocks, as will be 
seen later. 

Geitsi Gubib is a ring-shaped mountain rising about 5,200 feet above 
sea-level and 1,800 feet above the high plateau on which the village of 
Berseba stands. The mountain lies nine miles north of the village, and is 
a very conspicuous object from the railway north of Keetmanshoop. The 
plateau here is made of red sandstone and marls or shales belonging to 
the Fish River series, which is well exposed in the steep sides of the valley 
of the Fish River in this neighbourhood. The lowest beds of the Karroo 
system, Dwyka tillite and the overlying shales, are seen on the left side of 
the river near Dairaeharab Drift, and tillite alone on the right side, resting 
on the nearly horizontal Fish River beds, but the Karroo rocks do not 
reach Berseba or Geitsi Gubib, where they have been removed by 
denudation. 

The mountain itself is made of masses of fine-grained clastic rocks and 
breccias forming thick beds with steep dip towards the centre of the 
mountain (see Fig. 1 and section). The dip is often as high as 30°, and 
individual beds may be as much as 50 feet thick. Only the south-western, 
southern, eastern, and north-eastern sides were visited, but it seems that 
any one variety of rock has a limited distribution and is replaced within a 
few hundred yards by a slightly different variety, the difference being in 
colour, grain, and frequence of small angular fragments. A deep valley 
draining the central depression leads south-east to the surrounding 
plateau. The central depression, 1,500 feet below the highest point on 
the ridge, is fiat and is covered with debris washed down from the 
steep wall round about it. A well had been sunk in approximately the 
middle of the depression, but it was partly filled in at the time of my 
visit. The material dug out of the well appears to have been soft and 
gritty, in fact the same kind of stuff as the fine-grained hard rocks of the 
wall but without the cement. 

The contact of these fragmental rocks with the Fish River beds is well 
exposed in the walls of the valley cutting through the southern part of the 
ring. It is vertical or nearly so, and though this is the only place where 

* J. Walther, “ Geologie von Deutschland,” 1910, p. 248; Eosenbusch, “ Ergussges- 
teine,” p. 871; and Zirkel’s “ Petrogvaphie,” vol. iii., p„ 660, 




Plan and N-S section through Geitsi Gubib. In the plan the outline of the tuffs is 
indicated by the circular broken line ; the broken line to the south is a path. 
A, B, C, D, E are satellite pipes; G, H, J, are tuff dykes. In the section the 
dotted lines show a reconstruction of the mountain as it may have been at the 
close of the outburst. 
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the contact can be seen in section over 200 feet in height, no doubt the 
verticality of the junction is maintained all round the roughly circular 
area of fragmental rocks. The latter evidently occupy a “pipe” about 
2 miles in diameter resembling a volcanic neck, but nowhere do they pass 
over this circular boundary. The Fish River beds near the boundary dip 
inwards towards it at a low angle, but at a distance of about 300 yards 
their inclination changes in direction and is outwards, so that the contact 
is surrounded by an anticline parallel to it in the Fish River beds and 
about 300 yards distant from it. Whether this structure is continued 
round the north-western side of the mountain is uncertain, but it exists in 
the west, south, and east. The outward dip decreases and disappears 
about a mile south of the southern contact. 


Petrography of the Rocks. 

Fragments over an inch in length are rarely seen in the rocks of 
Geitsi Gubib itself, though much larger pieces go to form the satellite 
kopjes to the south. The coarser breccias of the mountain are generally 
brown or red, the finer-grained rocks red, yellowish, or white. The highest 
part of the mountain is made of brown breccia with fragments of hard 
shale and red and black jaspery rocks up to nearly an inch in length, 
cleavage faces of felspar are occasionally visible and there are also quartz 
grains, and calcite in small irregular cavities. In thin section (193 R, 
194 R)* this rock is seen to be made of pieces of very fine-grained sedi- 
mentaryirocks and a holocrystalline rock related to the quartz-gabbros, 
together with rounded and angular grains of quartz and of the felspar and 
augite from the gabbros. The plagioclase is fairly fresh, but the augite is 
usually stained yellowish red and is often considerably altered ; in a few 
of the gabbro fragments wedges of micropegmatite are seen between the 
other constituents. The cementing material is mostly quartz and dusty 
stuff, but there are small cavities in the matrix lined with quartz crystals 
and filled in with calcite. The quartz-gabbro fragments differ from the 
rocks of similar mineral constitution intrusive in the Karroo beds in 
not being ophitic ; they are more like some of the plagioclase-augite rocks 
of pre-Karroo age in the north of the Cape Province. 

The red breccias of the eastern and south-western parts of the mountain 
differ from the brown rocks just described in having more abundant red 
ferruginous matter in the matrix (197 R and 198 R). In thin section some 
of the fragments are seen to be cherts with opaque dusty particles in 
small patches surrounded by a nearly clear matrix. Orthoclase frag¬ 
ments are present as well as pieces of gabbro and minerals derived from 

* Figures in brackets refer to slides in the Cape Town office of the Geological Survey. 
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it, and there are pieces of sandstone and quartzite like some of the Fish 
Eiver beds. These hard rocks are occasionally traversed by veins of very 
fine-grained brown, red, or black jaspery rock which is seen under a high 
power to consist of minutely crystalline quartz crowded with opaque 
ferruginous particles. The veins vary in thickness and may be as much 
as an inch in width; they can be traced for several yards across individual 
outcrops. 

Some very fine-grained whitish rocks resembling porcellanite form part 
of the eastern wall. They are thin bedded and have a conchoidal fracture. 
In thin section (196 B) one of these rocks is a very fine-grained semi¬ 
opaque white material with numerous clear areas at most 0-02 mm. across 
and either roughly circular or polygonal in shape, showing the characters 
of chalcedony. A few very small splinters of quartz are enclosed in this 
matrix. The successive layers are due (1) to the greater or less abundance 
of the opaque dusty material, and (2) in some cases to the abundance of 
quartz splinters. A section through a hard red fine-grained rock from the 
southern side of the mountain (203 B) shows an abundant red ferruginous 
base with numerous rounded and angular grains of quartz up to 05 mm. 
in diameter, and a smaller number of grains of orthoclase, plagioclase, and 
fine-grained sedimentary rocks ; this rock differs from the breccias above 
described only in the uniformly small size of the recognizable fragments 
in it. 

A breccia from the south side of the mountain (199 B) contains pieces 
of microcline in addition to the minerals mentioned above ; the matrix is in 
places formed by quartz grown on to rounded grains of quartz in crystal¬ 
line continuity with them and enclosing fragments of sedimentary rocks 
and gabbro, etc. 

The obvious character common to all these rocks is that they do not 
contain recognizable fragments of larva. Material of sedimentary origin 
forms by far the greater part of the breccias and tuffs—if the latter term 
can be used in this connection—and the recognizable igneous rocks and 
minerals present were derived from holocrystalline rocks of deep-seated 
origin, not from lavas or ordinary dyke rocks. Though the rocks 
described above are few in number they probably represent the material 
forming the ring-shaped mountain wall very fairly, for a careful search 
was made for different kinds of rock and the several varieties found were 
taken for more detailed examination. Igneous materials in these rocks 
have to be searched for, and the only place where they are at all con¬ 
spicuous is one of the southern satellite pipes. I found it difficult to 
make sure that recognizable pieces of granite occur in the breccias of the 
mountain; some small fragments seen might have been granite, but that 
rock is certainly rare in the breccia, though the chief components of 
granite are abundant. Whether part of the matrix is derived from an acid 
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volcanic rock is at present uncertain, it would be difficult from the 
specimens examined to prove either that it had such a source or riot; one 
can only record the fact that no material seen hitherto in these breccias 
and tuffs resembles ordinary volcanic rocks or those unusual kinds met 
with in the Kimberlite pipes. 

Porphyry-tuff is a misleading name for the rock | the fragments of 
felspar are not whole crystals, and they are inconspicuous components of 
the rock; augite is not noticeable in the hand-specimens. Neither in the 
field nor in the laboratory were any lapilli seen. 

In the collection at the S.A. Museum there are two specimens 
of tuff labelled “ Rochlitz ” and “ Rochlitzer Berg” respectively. 
They bear a superficial resemblance to the lighter-coloured red tuffs of 
Geitsi Gubib ; the former are looser in texture, are crowded with quartz 
and orthoclase, and contain obvious fragments of quartz-porphyry. A thin 
section of a Rochlitz tuff is in the collection of the Geological Department 
of the S.A. College, and Professor Young kindly let me examine it; it has 
a fine-grained matrix with crystals and fragments of quartz which are often 
corroded after the manner of the quartz crystals in porphyry. These 
rocks clearly show no other point of resemblance to those of Geitsi Gubib 
than in being clastic rocks. Pieces of sediments and holocrystalline rocks, 
which together make up all the recognizable fragments at Geitsi Gubib, 
are absent from the Rochlitz specimens. 

It is not easy to define the source of most of the fragments in the 
breccia. The most abundant types of rock are very fine-grained sediments, 
some of which, as stated by Dr. Range, may have come from the Karroo 
beds which possibly surrounded the pipe at a higher level than the present 
surface, but at present it is impossible to be certain of the identification. 
Fragments of quartzite and some shales are like some beds of the Nama 
formation pierced by the neck. 

Joint planes and cracks in the breccias and tuffs are occasionally found 
coated with hyalite, water-clear opaline silica; small quartz veins are 
frequent, and a few thin veins of chalcopyrite and chrvsocolla were seen 
in the tuffs exposed in the valley draining the central basin; barytes 
occurs rather frequently in small veins and cavities in all the varieties of 
tuffs and breccias. 

In general appearance the Geitsi Gubib breccias and tuffs resemble 
the materials filling pipes and fissures at Saltpetre Kop,* Kobe River,! 
and Grenaat Kop r | in the Gape Province, though at all these latter 
localities the breccia is coarser than the Geitsi Gubib rocks, and several of 

* Rogers and du Toit, Trans. Phil. Soc. S.A., vol. xv., 1904, pp. Gl-83 ; and Ann. 
Rep. Geol. Com. for 1904, pp. 41-43. 

f Ann. Rep. Geol. Com. for 1904, pp. 41-43. 

\ A. L. du Toit, Ann. Rep. Geol. Com. for 1908, p. 114. 
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them contain a greater variety of minerals derived from igneous rocks, 
while at some of the places mentioned there are fissures filled with 
igneous rocks. 

The Kobe River neck is the only one of these occurrences in which 
minerals of probable igneous origin have not been found. But in each 
case the material from non-volcanic sources preponderate amongst the 
recognizable constituents of the rocks. 

The occurrence of barytes at Geitsi Gubib is another point of 
resemblance to Saltpetre Kop, though the mineral seems to be more 
abundant at the latter place. 

There are frequently slickensided surfaces in the tuffs produced by the 
local slipping of parts of the rocks after they were consolidated. The 
hardening of the rocks by deposition of silica is most marked in the 
peripheral part of the pipe; and this fact is certainly responsible for the 
ring shape of the mountain. The almost level floor of the central 
depression comes to an abrupt end where the stream-bed passes over the 
upper thick band of hard tuff which forms the higher of the two water¬ 
falls in the valley; this strong bed can be followed easily up the mountain 
to the crest of the ridge on either side of the valley. The lower waterfall 
is caused by the presence of a second thick band of hardened tuff. These 
beds are fully exposed across the valley, and their unfractured condition 
proves that the valley owes its form to erosion alone and not to any 
radial crack through the wall of the neck. 

The hardening due to the deposition of silica extends to the Fish River 
beds round the neck, for these are frequently traversed by small quartz 
veins and are more thoroughly quartzitic in the immediate neighbourhood 
than they are further away. 

On the plan (p. 250) six small kopjes and three dykes are inserted. I 
only visited the two kopjes and the dyke south of the main mountain, the 
others were sketched in from the northern ridge of the mountain; they 
are conspicuous objects, and are almost certainly of the same nature as 
the southern ones. 

The dyke G is a yellow ferruginous and calcareous rock, generally with 
fewer fragments in it than the breccias of the mountain contain. It is 
similar in general appearance to the tuff dykes of the Saltpetre Kop group. 
The kopje A is about 100 feet high and some 400 feet in diameter at the 
base; the contact of the breccia with the Fish River beds is hidden under 
debris. Kopje F is rather smaller and not more than 50 feet high, and 
the contact is again concealed. The breccias of these satellite pipes are 
much coarser than any seen in the mountain, large blocks of the Fish 
River sandstone and shales are the most abundant fragments, but whitish 
quartzites and granites are frequent and there is much fine-grained grey 
rock with the peripheral zones bleached. There are apparently no rounded 
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pebbles or boulders in any of these rocks such as are found occasionally 
in the satellite pipes of Saltpetre Kop. 

Barytes is rather more abundant in the two satellite pipes examined 
than in the mountain. At a spot on the edge of the terrace east of the 
dyke G and south of the path there is much calcareous yellow weathered 
material which may mark the position of another subsidiary neck. 

It is extremely improbable that the present size and shape of the 
mountain bear any close approximation to what it was like when the great 
explosion produced it. The tuff and breccia wall projects over 1,000 feet 
above the highest remaining part of the Fish Biver beds and the thick 
layers of clastic material dip everywhere towards the interior. It is 
obviously impossible that they could have accumulated in such a position 
only, they must have extended outwards in the form of a cone about the 
orifice, but only that part is preserved which came within the area of 
deposition enclosed by the original vent within the old crater. The 
material which accumulated outside the vent has long since been washed 
away, and it appears likely, from the distribution of the hardened rocks, 
that the process of hardening was produced by liquids or vapours rising 
approximately along the walls of the vent, so that a more or less tubular 
column of hard tuff and breccia and hardened sandstone resulted, en¬ 
closing loose rock and surrounded by a ring of loose rock. The total 
height of tuff and breccia exposed in section in the valley and the 
mountain above is about 1,700 feet. The enclosed loose rock is still 
preserved under the flat bottom of the central depression, but the similar 
material which dropped outside the vent has disappeared (see Fig. 1). 
On this explanation the depression in the mountain is not a crater, though 
it happens to be in the same position as the old crater, which was larger 
than it; it is due entirely to the effects of erosion on a soft column of 
rock surrounded by a harder rock. The term caldera cannot be applied 
to it in any sense in which that term has been used by geologists who 
have described modern volcanos. The Spanish word “caldera” is the name 
given to the more or less complete circular basin surrounding a crater, 
but there have been various attempts to give it strict definition and 
explanation ; according to one group of explanations it is a result of a 
violent explosion and subsequent partial filling in of the cavity produced, 
and according to another it was produced by the subsidence of a circular 
column of matter surrounding the crater. Professor Daly,* who has 
recently summed up the question, decides to limit the meaning to depres¬ 
sions considerably larger than the vent itself, and concludes that they are 
due to explosion or the melting down of material by the igneous rock 
rising from the vent. In the case of Geitsi Gubib we can see the walls of 
the vent in section, and the hollow within the mountain is much smaller 
* “Volcanic Bocks and their Origin,” 1914, pp. 144-150. 
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than it. Another possible explanation of the structure of Geitsi Gubib is 
that we have a ring-shaped fault forming a tube down which the upper 
part of the cone of fragmental rock has dropped either alone or carrying 
with it a casing of the Pish River beds. On this view one would expect to 
see more brecciation of the walls at the contact and a less regular arrange* 
ment of the contents of the pipe, but there is no evidence of faulting 
beyond local slickensides such as are found in many sedimentary rocks 
which have been slightly disturbed. 

The description of Coon Butte in Arizona, written by G. K. Gilbert * 
seemed to offer an analogous example of a great explosion-crater un¬ 
accompanied by the appearance of ordinary volcanic rocks, and it is of 
more recent date. About a crater 1,300 yards wide in flat sedimentary beds 
there is a ring of fragmentary material, 200 feet high at most, composed of 
pieces of the sedimentary rocks, in this case limestone and sandstone. 
The depth of the crater floor below the ridge of fragments is 600 feet. 
The size of the fragments at Coon Butte is very much larger than any¬ 
thing seen at Geitsi Gubib, the larger blocks measuring in some cases 
100 feet across. There has been no hardening of the breccia on the wall 
at Coon Butte, but it evidently presents some points of resemblance to 
Geitsi Gubib. 

More recent information! got through extensive prospecting opera¬ 
tions certainly shows that the alternative hypothesis considered and 
discarded by Gilbert may be correct, though it involves great diffi¬ 
culties. It is that a meteorite travelling very fast hit the earth there 
and smashed in the rocks, causing a sort of explosion violent enough to 
throw pieces of rock 50 tons in weight a mile from the point of impact. 
The chief evidence supporting the meteoric origin is briefly: (1) the 
finding of several tons’ weight of meteoric nickel-iron fragments round the 
crater and in the rim ; (2) the presence of nickeliferous magnetite and 
schreibersite fragments in the smashed rock at various depths down to- 
600 feet below the floor of the crater; (3) the supposed presence of an 
unbroken sheet of sedimentary rock under the crater at the depth of 
700 feet or so; and (4) the absence of any volcanic rocks in the crater 
and in the ejected material. The third point is conclusive if correct,. 

* Fourteenth Ann. Rep. U.S. Geol. Survey, i., p. 187, and Presidential Address, Geol., 
Soc. of Washington, 1895. 

f D. M. Barringer, Proc. Acad. Nat. Sc. Philadelphia, lvii., pp. 861-880 ; B. C. Tilghman,. 
ibid. pp. 881-914; G. P. Merrill, Smithsonian Misc. Coll., 1., pp. 461-489, and Proc. 
Australasian Ass. for Adv. Sei., 1909, vol. xii., p. 320. A later account of the work by 
Mr. Barringer was published separately at Philadelphia in 1909, but I have not seen it. 
Through the kindness of Mr. G. W. Lamplugh, who read the book in the Geol. Society’s. 
Library in London, I hear that in Mr. Barringer’s opinion the “sandstone has been 
found to be in place, to be unaltered, and to be occupying a horizontal position.” The- 
proof that the sandstone met with is not a great block would appear to be still wanting. 
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and though the bore-hole records were for several reasons unsatisfactory, 
the facts quoted in the description make the volcanic hypothesis difficult 
to accept. Instances of large blocks in explosion-pipes, such as the piece 
of Waterberg beds 400 yards by 100 yards or less in area which has been 
followed to a depth of 260 feet in the Premier Mine,* show that the mere 
presence of what might be taken to be the floor of a pipe in a bore-hole 
does not prove that the rock encountered passes across it. No 
cementation by silica or other substances is recorded, though melting of 
comminuted sandstone took place locally. It is noticeable in the papers 
quoted below that the difficulties of the volcanic hypothesis seem to have 
had great effect in gaining the acceptance for the other in the authors’' 
minds, especially the excessive comminution of the quartz grains of the 
broken sandstone and the absence of volcanic rocks. The lack of 
recognizable volcanic rocks is not decisive, nor would the minute splinter¬ 
ing of the quartz seem to be, and the coincidence in place of a heavy 
meteorite fall and an explosion-crater is not impossible. At present, 
however, Coon Butte cannot be quoted as a case of an explosion-crater. 

Though explosion-craters, or necks which led to them, from which no 
lava flowed, are known in many parts of the world, the materials filling 
them are usually fragmental volcanic rocks alone or mixed with debris 
from non-volcanic rocks. In certain regions necks have been described 
filled entirely with material derived from non-volcanic rocks so far as they 
are exposed, though in many such cases there must be some doubt on this 
point because no mention is made of the results of a microscopic examina¬ 
tion of the rocks, and it sometimes happens that a rock which is apparently 
without fragments of lava is found to contain such fragments when 
examined in thin section.! In the Stormberg and Drakensberg region 
the volcanic vents of late Karroo age include many without apparent 
lava fragments, though there are probably more which are filled with tuffs 
of a normal type or at least contain some ordinary volcanic rock.^ 
In the carboniferous volcanic area of Scotland many of the smaller necks 
and some of the larger ones are filled with non-volcanic material. § 

Agglomerates of non-volcanic rocks are also found in Tertiary necks in 

* Wagner, P. A., “ The Diamond Fields of South Africa,” 1914, Fig. 9 and p. 21, 
where several other instances are given from blue-ground pipes. An example from a 
large neck on Arran, where a mass of Triassic sediments “ several acres in extent ” is 
lying amongst volcanic material, is described by Messrs. Peach and Gunn, in Quart. 
Journ. Geol. Soe., London, lvii., p. 227. 

f Cf. A. W. Bogers, Trans. Phil. Soc. S.A., vol. xvi., p. 193, and Ann. Bep. Geol. 
Com. for 1905, p. 36 ; tuffs thought to be of non-volcanic material proved, on microscopic 
examination, to have small lapilli in them. 

J E. H. L. Schwarz, Ann. Bep. Geol. Com. for 1902, p. 54; A. L. du Toit, Ann. Bep. 
Geol. Com. for 1904, pp. 155, 165 ; do. for 1905, p. 130 ; do. for 1911, p. 125. 

§ Sir A. Geikie, Trans. Boy. Edin., vol. xxix., p. 458: “Ancient Volcanoes of Great 
Britain,” vol. i., pp. 57, 426-7; and “ Geology of Eastern Fife,” 1902, p. 204. 
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Eaasay and in the Slieve Gullion area in Ireland, where they are in a 
fissure clearly associated with andesite and rhyolite.* 

In such cases as those from Scotland it is supposed that the explosive 
force which opened the vents and filled them with fragments of the rocks 
surrounding the vents was directly connected with the magma which gave 
rise to other and more normal volcanic phenomena in the same neighbour¬ 
hood, but that locally the force became exhausted in the effort before 
fragments of the magma itself could reach the surface. In the case of 
Geitsi Gubib, which is certainly a very large neck, it is difficult to under¬ 
stand how 7 the results of so great an explosion could be deficient in fragments 
of volcanic rocks. It may be that such fragments are in the tuffs there 
in a minutely subdivided and unrecognizable form, or that they are to be 
found at a lower level than the present outcrops. 

I saw no igneous rocks in the immediate neighbourhood of Geitsi 
Gubib, but pipes of blue-ground exist not far off, near Gibeon, and to the 
west and north-east of the mountain,! and Karroo dolerites occur 20 miles 
to the south-east at Baviaans Kranz. 

As to the age of the mountain there is no satisfactory evidence as yet. 
The Karroo beds, so far as we know, do not lie close enough to the moun¬ 
tain to be affected by the outw r ard dip of the strata in its immediate 
neighbourhood, but the road from Dairacharal Drift to Tses crosses 
a breccia dyke in those beds, and it is likely that this dyke was produced 
at the same time as Geitsi Gubib. The presence of fragments of Karroo 
beds in the breccia of the mountains is possible, but cannot be said to 
be proved, and there is no reason for suspecting that the Karroo beds on 
its site were thick at the time of the outburst. There are terraces 
at various levels round the mountain from which much information 
about its previous history will certainly be got, but my observations were 
too scanty and hurried to form the basis of a discussion. From the 
height of the upper terraces and their proximity to the neck, however, 
it seemed that the mountain need not have been very much higher than 
. it is now when the outflowing stream began to cut through the Fish River 
beds at the south side of the neck. 

* Sir A. Geikie, “ Ancient Volcanoes,” ii., pp. 423-4. 

f Eighteen of them are marked in Dr. Eange’s map, and he states that over thirty are 
known, “ Geologie des Deutsehen Namalandes”; a brief description is given by 
Dr. Scheibe in “ Der Blue-ground,” Prog. d. Konigl. Berg. Akademie zu Berlin, 1906. 


